INTRODUCT ION
The effective control of aircraft noise in communities near airports, whether accomplished through source noise reduction, operational procedures, and/or land use planning, requires an understanding of the relationship between the amount of noise exposure ("dose") and the "response" of the community residents.
Such a relationship may be influenced by many factors, including characteristics of the aircraft events (e.g., aircraft type, mode of operation, and number of events), characteristics of the airport community (e.g., ambient noise), and characteristics of individual residents (e.g., sensitivity to noise and attitudes toward airport).
Two classical approaches have been used to study human response to aircraft noise.
Laboratory studies have examined the relationship between annoyance and the acoustical characteristics of individual flyovers.
This work led to the development of noise metrics (e.g., effective perceived noise level (EPNL» which represent, with reasonable accuracy, the effects of frequency content and duration of jet aircraft flyover noise on human response.
Laboratory studies have the major advantage of allowing the experimenter to control the content and mix of the aircraft noises. However, the validity of their findings for a community setting can be questioned.
In contrast, surveys have examined community response to lonq-term aircraft noise exposure.
In this approach, each community resident provides a judgment about a single real aircraft noise environment.
However, difficulties arise because the noise environment is often poorly quantified (the long-term, year-long noise environment cannot be directly measured), and, more importantly, the noise environments are not subject to manipulation.
As a result, many characteristics of the noise environments are so highly correlated with each other that their independent effects on annoyance cannot be determined with any degree of precision.
The present study uses a new methodology which, in effect, is a combination of the techniques used in laboratory and community studies.
The basic approach is to bring together small groups of airport community residents in one of their homes and have them make annoyance ratings of a large number of aircraft flyovers which occur during the rating period.
In this way, it was hoped to gain information on metrics, differences between types of aircraft, differences between modes of operation (take-off or landing), effects of time-of-day, and effects of ambient noise. After the aircraft rating session, a questionnaire concerning annoyance to the longterm noise environment at different times of the day was a&ninistered to the study participants.
The questionnaire was also used to gather standard demographic informa tion. Simultaneous noise measurements and annoyance ratings were obtained for a total of 293 aircraft flyovers which were divided among the 25 rating sessions. The 293 flyovers generated a total of 1164 aircraft noise ratings from the 100 participants who were divided among the 25 rating sessions. Each session was conducted in a different house (three to six people per house).
Each person participated in only 1 of the 25 sessions.
other acoustical and nonacoustical information gathered during the rating period included aircraft type, aircraft mode of operation (take-off or landing), time of day, ambient noise, participants' hearing acuity, and demographic characteristics of the participants.
The study was conducted during the week of November 17, 1980. The time of day of the 25 rating sessions was systematically varied in the study design.
An equal number of sessions were scheduled during the morning (9 a.m. to 12 noon), afternoon (3 p.m. to 5 p.m.), and evening (8 p.m. to 10 p.m.).
AIRPORT COMMUNITY
The study was carried out in a small residential community located south of Salt Lake City International Airport ( fig. 1 ). This community of approximately 55 houses (200 to 250 residents) is located primarily within the L dn = 70 dB contour. The airport handles approximately 250 commercial, 450 general aviation, and 30 military operations a day.
Of the three runways (34L/16R, 34R/16L, and 32), the first is used for commercial, military, and many general aviation operations; the second is used mainly for the remaining military operations; and the third is limited to general aviation movements.
SELECTION OF PARTICIPANTS
Every resident (18 years of age or older) in the selected community was eligible for participation in the study. The three procedures used to maximize the number of participants were, in chronological order, (1) a letter of invitation, (2) contact by telephone, and (3) on-site visitations. Each resident was thus given an opportunity to participate in the study.
A house was selected as a study site if a minimum of three of the residents at that house and/or close neighbors volunteered to participate. The 101 volunteer residents, one of whom was not included due to extreme hearing loss, were assigned to 25 houses. The residents were paid a nominal fee for their participation.
_J STUDY PROCEDURE
The data acquisition team spent a total of 2 1/2 hours at each study site.
In chronological order, this period included time for (1) completion of consent forms (appendix A), (2) placement and calibration of indoor and outdoor noise measurement equipment, (3) arrangement of seats around one of the indoor noise measurement locations, (4) distribution of the annoyance recording device and instruction in its use, (5) 1 hour of rating aircraft flyover noise, (6) completion of questionnaires, and (7) posttest calibration of noise measurement equipment.
Further details concerning the methods of data collection are presented in the following sections of this report.
Through the use of two data acquisition teams, six 1-hour rating periods could be scheduled per day.
Despite some cancellations, 25 rating periods were completed within 4 1/2 days.
SUBJECTIVE DATA Annoyance With Individual Flyovers
Participants recorded their noise annoyance ratings on the hand-held response panel shown in figure 2 .
The panel has nine push buttons representing an annoyance scale from 0 (not annoyed at all) to 8 (extremely annoyed).
A small display located above the buttons indicates which button has been pushed.
A reset button allows a participant to change his/her annoyance rating within 15 seconds of the initial response.
The exact instructions given to the participants are contained in appendix B. The annoyance ratings were digitally coded and recorded on magnetic tape in a mobile instrumentation van located adjacent to the house.
Questionnaire
A questionnaire was completed by each participant after the rating session (appendix C).
This self-administered questionnaire gathered data on demographic characteristics and responses to the long-term aircraft noise environment at different times of day.
AIRCRAFT DATA Noise Measurement A multichannel FM tape recorder located in a mobile instrumentation van simultaneously recorded indoor and outdoor aircraft acoustical data as well as the annoyance responses.
The tape recorder operated continuously during each 1-hour rating period.
Recorded data included the following:
(1) Outdoor sound pressure levels . Two O.S-in. (1.27 -cm) condenser about 4 ft (1.2 m) from the ground surface, were placed adjacent to each in a position that was not acoustically shielded by the house (fig. 3 ).
4
microphones, other and The gain settings on the two microphone signal amplifiers were set 10 dB apart in order to maximize the signal-to-noise ratio and to minimize data lost due to instrumentation overload.
(2) Indoor sound pressure levels.
Two O.S-in. (1.27-cm) microphones were located about 4 ft (1.2 m) from the floor surface.
One microphone was always placed in the rating rooln in the center of the participants ( fig. 4 ) and the other in the center of a remote, unoccupied room, preferably with one wall directly impacted by aircraft noise. A member of the data acquisition team located outside the house identified the aircraft.
Information concerning the aircraft type and its mode of operation was digitally encoded and recorded. 
Aircraft Identification
A radar screen located in the airport control tower was used as the primary source (observers at the study sites were secondary sources) for identification of aircraft.
The following information was recorded for each flyover:
(1) aircraft type, (2) mode of operation (take-off or landing), (3) time of overflight, (4) runway used, and (5) flight number.
AUDIOGRAMS
Prior to the study, participants were routinely given a hearing test in a mobile van containing an audiometric booth.
Pure-tone test frequencies were 500, 1000, 2000, 3000, 4000, and 6000 Hz.
These data were collected in order to determine if the annoyance responses were influenced by the participants' hearing loss. One potential participant was excluded from the study because of obviously severe hearing loss.
OUTDOOR AMBIENT NOISE
Ambient noise data were collected out-of-doors during the part of the test session periods when aircraft were not audible.
Measureme nts were made with a commercially available sound level analyzer and a O.S-in. (1.27-cm) condenser microphone located about 4 ft (1.2 m) from the ground surface. The microphone was located about 6.5 ft (2 m) from the outside of the house, but not within noise shadows. An operator ensured that only nonaircraft noise data were processed.
The sound level analyzer, which has a 60-dB dynamic range, provided direct analysis of the noise environment in terms of the distribution of LA and Le levels. A minimum of two samples, each of 1000-seconds' duration, were used to ch~racterize the noise environment during each 1-hour test period.
PRETESTS
The procedures were pretested before use in Salt Lake City. The pretests included (1) administration of the self-completion questionnaire to 96 local Virginia residents in a briefing room at NASA Langley Research Center (LaRC) , (2) simulation of the community test environment with indoor and outdoor psychoacoustic facilities at LaRC, and (3) a trial in-home rating session in an airport community h ome near LaRC.
DATA REDUCTION
The recordings of the aircraft flyovers were analyzed into 0.5-second onethird-octave band spectra for calculating noise metrics including unweighted sound pressure level (SPL) , A-weighted sound pressure level (LA)' perceived noise level (PNL) , and D-weighted sound pressure l e vel (L D ).
Tone and duration corrections were computed using the FAR 36 (Federal Aviation ' Regulation 36) procedure (ref. 4) . These data and the corresponding annoyanc e responses and questionnaire data were collated onto computer files .
FINDINGS

Dose-Response Relation s hip
The relationship between o u tdoor peak aircraft noise level (in A-weighted decibels) and response to the individual flyovers is summarized in figure 5 .
(Appendix D contains the count of the individual scores . ) The means of the reactions are plotted for 5 -dB increments . Figure 5 also includes the linear regression line which best fits the 1 164 indivi dual ratings of the flyovers . There is, of course, considerable v a riability in the individual responses . The standard deviation of the individual 9 -point annoyance scale scores around the regression line is 2 . 05, Part of this variability in responses arises from factors which were measured in this study and are analyzed in the remainder of this report .
Much of the variability in response cannot be traced to any of the measured variables; thus , this variability is treated as random "error " for the purpose of the analyses here .
These random "errors" are of at least three types:
errors in an individual ' s response (e . g ., not paying attention to aircraft flyover, pushing the wrong button, and being uncertain abou t how to express feelings on a numerical scale), differences between individuals ( e . g . , d i fferent sensitivities to noise and variati' ons in other attitudes which affect feelings about aircraft), and unidentified differences between groups of participants (e . g . , hi s tory of public relations with airport, consensus about noise based on neighborhood discussions, discussion which occurs during the rating period , and variation in t he noise-reduction characteristics of the different houses) .
Inasmuch as these variations are present in all populations and they cannot be used in setting public policy , the chief interest is in obtaining good estimates of the mean of the responses. The precision of the estimate of the average response is indicated by the two curved lines in figure 5 .
These are the 95 -percent confidence intervals for the prediction of the mean response at each noise level . These confidence interval s and all induct i ve statistics in thi s report are based on a sampling error computation technique (jackknife repeated replication) which takes into account the fact that both individuals and neighborhoods may differ in their re sponses (ref . 5 ) .
The broad confidence intervals in figure 5 show that the dose-response relationship is not precisely defined with the data from this study.
Reasons for the lack of precision are explored in the methodological assessment section of this report. This imprecision means that only variables with very strong effects can be examined in this study.
Significance tests and other inductive statistics are used to identify reliable findings.
The relationship between annoyance and noise level in figure 5 is essentially linear over the 60-to 100-dB(A) range examined in the study.
The relationship defined using cubic equations predicts virtually the same annoyance response (a difference of less than 0.06 annoyance score points) and does not significantly increase the proportion of variance explained by noise level (p > 0.05). The annoyance by noise level relationship remains linear when tone and duration corrections are introduced and when other frequency weightings are considered (PNL, L D , and SPL).
Noise Metrics
Ten different noise metrics, including tone and duration corrections where appropriate, were examined.
The correlation between annoyance and each of the metrics is given for both linear and quadratic equations in table I.
Examination of the table shows that the differences between the correlation coefficients are generally small. None of the differences in table I are statistically significant (p > 0.05). The correlations observed for the widely used A-weighting are not exceeded by the more complex aircraft metric (PNL) or by · the tone or duration correction procedures.
Time-of-Day Effects
Several approaches are followed here to estimate the effects of the time of day at which aircraft noise is heard.
Conventional survey questions explored reactions to the long-term average noise environment. The ratings of individual aircraft during the testing session were then used to explore two possible explanations for time-of-day effects; the effect of ambie~t noise levels (levels are generally lower at night than at other times of day in residential areas) and the possibility of pure time-of-day differences such as circadian rhythm effects.
Rating of long-term noise environments.-In the post-rating-session questionnaire, participants rated their long-term aircraft noise annoyance for each hour of the day that they routinely spent at horne (question 23, appendix C).
In figure 6 annoyance during the evening hours is significantly greater than during the daytime (p < 0.05). This difference could, of course, simply reflect differences in aircraft noise exposure during a typical day.
If the hourly average peak noise level from aircraft is assumed to be reasonably constant, any differences in noise exposure are simply due to the numbers of flyovers. Figure 7 presents the average number of scheduled operations for each hour of the day for weekdays and for the weekend.
The obvious peak in the number of flyovers during the evening (9 p.m.) is the equivalent of about a 2-to 3-dB increase in L eq , if the energy equivalent model implicit in Leq is accepted.
One possible explanation for the heightened evening reaction is thus the 2-to 3-dB increase in noise level.
Two patterns in the data do, however, support the interpretation that heightened evening reaction is not simply explained by the high number of movements at 9 p.m.:
(1) the number of aircraft movements from 4 p.m. to 7 p.m. does not exceed the highest movement levels at other periods of the day, but the reaction increases over that period, and (2) the sharp increase in number at 9 p.m. does not create a corresponding sharp increase in annoyance at 9 p.m. or even 8 p.m. or 10 p.m.
No conclusions can be drawn concerning the relative impact of nighttime movements (12 p.m. to 6 a.m.) because of the lack of aircraft operations during that time period.
Outdoor ambient noise level.-Ratings of the individual flyovers at sites with different outdoor ambient noise levels provide a test of the hypothesis that time-ofday effects can be traced to lowered nighttime ambient noise levels.
The hypothesis is that reactions to aircraft are heightened when there are lowered ambient noise levels.
As a result it is theorized that any difference in day and evening reactions is simply a function of differences in ambient noise levels.
During each aircraft rating period, the outdoor ambient noise level was measured at the site.
Ambient Le levels, excluding aircraft noise, ranged from 43 to 73 dB.
The highest levels wereqobtained at sites near a railroad and at sites near a busy street with some heavy vehicle traffic; These higher ambient noise level sites thus also had the most variable ambient noise levels. Figure 8 gives the average of the ratings of aircraft flyovers in three different ambient noise level groups.
In general, ratings of aircraft noise annoyance increase as ambient levels decrease. The apparent interaction between ambient level effects and aircraft noise level effects (ambient noise does not appear to affect annoyance at the lowest aircraft noise levels) was found to not be statistically significant (p > 0.05). The curves in figure 8 show there is a great deal of variation in responses which has not been explained by either aircraft or ambient noise level.
In order to take account of that variation and to represent the noise levels continuously instead of in the crude 10-dB groups of figure 8, a more detailed analysis is presented in table II. Table II presents the basic data for the effects of community, aircraft, and personal variables on noise annoyance with individual aircraft flyovers.
The statistics for the ambient noise level analysis serve to illustrate the information which is available for all variables.
In the ambient noise level row of table II, the first column shows that ambient noise level is coded in Le'
The second column shows that 90 percent of the observations in the sample are b~tween ambient Leq values of 46 and 67 dB. The next five columns give the parameters from the multiple regression of the 9-point annoyanc e scale on aircraft noise level, aircraft type (partial regression coefficients for aircraft type represent deviations from the jet aircraft reactions), and the particular characteristic presented in the first column (in this case, ambient noise level) . The standard error of each estimated partial regression coefficient is given immediately below in parentheses .
The last three columns of the table present the estimated effects in terms of a more meaningful unit, the number of decibels of aircraft noise which would bring about an equivalent change in annoyance .
For ambient noise level, the value of -1. 0 indicates that each one unit (1.0 dB) increase in ambient Leq level decreases annoyance by an amount equivalent to 1.0 dB of aircraft noise.
The last column indicates that a decrease in ambient Leq from 67 to 46 dB (a range encompassing 90 percent of the data) has an effect on aircraft noise annoyance which is equivalent to a 21-dB increase in aircraft noise level.
If the -1. 0 estimate is correct, it implies that outdoor ambient noise level has as much effect on aircraft noise annoyance as does the aircraft noise
Though the effect is significant (p < 0.05), the standard error of 0.5 (in parentheses in the next to the last column) indicates that the -1.0 estimate is too imprecise to be very useful.
(The 95-percent confidence interval for the -1.0 value is from -0.1 to -2.0.) Some possible explanations for a spurious effect were tested.
The quality of the ambient noise level recordings was carefully checked, and the sites were examined to determine whether the ambient noise levels could be correlated with any other site characteristics.
The possibility of a strong nonlinear relationship was rejected on the basis of an examination of a plot of the residual annoyance scores against ambient noise level.
Reduced aircraft noise annoyance in high ambient noise environments is consistent with several aircraft noise rating experiments in laboratory settings (refs. 6 and 7).
However, the ambient effect was much weaker in the laboratory setting.
Similar ambient level effects have not been present in other field stUdies.
The evidence in this section is consistent with an ambient level effect. This supports the theory that reduced ambient noise levels in evening or nighttime hours could create greater annoyance or other negative reactions and thus explain differing reactions at different times of day.
Time of day of rating sessions.-Aircraft noise rating sessions were equally divided among three time periods: morning, afternoon, and evening.
The study design made it possible to control for ambient noise levels.
As a result the between-period comparisons address the potential methodological problem of whether ratings might be affected by the time of day during which rating sessions are held.
These comparisons do not address the potential effect of differing activity patterns at different times of day.
The graph of the reactions at different times of day in figure 9 suggests a time-of-day effect, but a regression analysis found that the effect is not statistically significant.
(On the average, in comparison with afternoon reactions, the morning reactions were the equivalent of 4 dB more annoying, and evening rati ngs were the equivalent of 10 dB more annoying.) Similar estimates were obtained when ambient noise level was directly included in a mUltiple regression equation with the time period.
Aircraft Characteristics
Several different types of aircraft and aircraft operations could be studied with the ratings made by the participants in the study.
Although the participants were unable to observe the aircraft visually, it is likely that, as residents of this airport community, they were able to use acoustical cues to distinguish among types of aircraft and operations.
Effects of type of operation (take-off or landing) were examined (figure 10 and table II).
Any differences in reactions were not found to be statistically significant at the p < 0.05 level.
The reactions to different aircraft types, after controlling for noise level, are given in table III in terms of both the deviations from mean annoyance ratings and the decibel equivalent of these deviations. The overall contrast between propeller aircraft and jet aircraft is statistically significant at the p = 0.05
The differences between reactions to nine individual aircraft types in table III are equa lly large, but with the small numbers of ratings, the differences are not statistically significant. Figure 11 displays graphical ly the contrasting reactions to propeller and jet aircraft.
In table IV there is no evidence that the use of a noise metric other than uncorrected LA would reduce the effect of aircraft type.
The slopes of the dose-response relationships for the two aircraft types are not significantly different (p > 0.05).
Though a lesser reaction to propeller aircraft is consistent with results from laboratory work (ref. 8) , the field study estimate of 12 to 15 dB is greater than the laboratory study estimate of about 4 to 7 dB. The large discrepancy in the size of the propel ler effect estimated in the laboratory and field studies could easily be due to the imprecision of the field estimates as indicated by the standard errors in table IV.
Differences in reactions could also derive from differences between laboratory and field settings.
In the field setting, participants may well have been more aware of other characteristics of the propeller aircraft such as their small size and use in general aviation as opposed.to commercial operations. Thus the difference in field reactions might also be due to attitudes toward the noise source as well as to differences in the acoustical characteristics . A major advantage of the methodology used in this study is the ability to examine reactions when nonacoustical attributes are associated with acoustical events.
It should also be noted that at Salt Lake City the two types of aircraft are combined in a single environment. The airport is probably regarded as mainly a commercial airport by residents.
It is not possible from the present evidence to determine whether the lessened reactions to general aviation (propeller) aircraft would be found around a predominantly general aviation airport where there are many training flights on established circuits and where the residents might have different attitudes towards the importance of recreational flying . Only the effect of age is statistilevel). The age effect is reduced but still statistically significant when it is controlled for two correlated variables, hearing loss and length of residence, in a multiple regression analysis.
ASSESSMENT OF METHODOLOGY
In-home, field ratings are not often used in noise annoyance studies. Thus one objective of this study was to assess the methodology. This assessment will consider the effect of study design variables and the precision of the study estimates .
Effect of Study Design Variables
Laboratory studies often discard ratings made during a short practice period before the main test . For this study, all ratings were retained.
In this study there is a moderate sized, but not significant, tendency (p = 0.11) for annoyance scores to increase by the equivalent of 0 . 8 dB for each additional flight. The apparently shallower slope for the first flight in figure 18 steepens and closely 10 I _ _ __ J parallels the slopes for the rest of the flights when aircraft type is also included in the multiple regression analysis.
Consideration of the order of the judgments does not affect the study conclusions presented above.
Respondents' ratings were made indoors, but as is standard in field surveys, the noise measurements used in the analysis were made outdoors.
The indoor measurements, which were described earlier, were found to include too much internally generated noise to be reliable indicators of indoor aircraft noise levels.
After considering the study procedures, it has been concluded that the most promising method for estimating indoor levels for in-house rating sessions would be to adjust the outdoor measured levels for the known noise-reduction characteristics of the structure. The noise reduction would, however, have to be measured when no people were in the house.
Inasmuch as differences between noise-reduction characteristics of houses have affected the study results, the effect will be to underestimate somewhat the effect of noise level on human response.
The range of noise reduction afforded by houses with windows closed in cold climates is about 11 dB (from 23 to 34 dB(A) with a standard deviation of about 3 dB, ref. 9).
With the large variance of the outdoor noise levels in this study (0 2 = 95), a 3-dB standard deviation in house-attenuation values would introduce only about a 10-percent underestimate of the noise level partial regression coefficient or the squared multiple correlation coefficient (i.e., percent of variance explained by noise level).
Precision of Study Results and Individual Consistency
In table II it was seen that though personal, aircraft, or community variables are often related to annoyance, the estimates of the relationships are quite imprecise.
The 95-percent confidence intervals are the equivalent of at least ±8 dB for aircraft type, operation type, daytime location, and home ownership.
Much more precise estimates are clearly desirable. The in-home study design is superior in three respects: more study groups (sites or sessions), more subjects, and a greater range in noise levels.
The laboratory study design is superior in two very critical aspects: the total number of ratings (6 times as many) and the very low correlation between noise level and aircraft type.
The high correlation in the in-home study (r = 0.58) is one factor which contributes to the large standard error of the decibel equivalent of the Given the contrast between the community setting and the laboratory setting, it might be expected that the more emotionally detached laboratory subjects would perform better and exhibit less variation in their ratings.
However, in the last two lines of table v, it is seen that it is the laboratory study subjects who exhibit the greater subject-to-subject and flight-to-flight rating inconsistency. Since the laboratory study annoyance scale was slightly longer (11 points rather than the 9 points used in the in-home studY i see part A of table V), part of the difference in the standard deviations may be due to the scale scoring . Under the assumption that respondents would be equally likely to fill up both scales (i.e., in-home standard deviation should be mUltiplied by 11 /9, or 1.22), the subjects' differences would still be greater in the laboratory, though the flight-t o-flight differences would be eliminated. The analysis thus shows that subjects give equal or more consistent ratings in the in-home study than they do in the laboratory .
One pattern in the residual annoyance scores does help to explain the different accuracies of the two studies; the ratings (even after being controlled for noise level) vary greatly from house ·to house in the salt Lake City study ("group differences" in table V).
This variation sharply contrasts with results from the laboratory study sessions, where as shown in the first line in part C of table v , the standard deviation of the laboratory study group effect is one-fourth that of the field study.
The most likely but untested explanations for the in-home group effect are that similar responses were caused by (1) visual or spoken interaction between participants during the test session , (2) S0cial interaction between the previously acquainted participants preceding the test, and (3) similarities in personal characteristics of participants, including relatives, at particular sites.
Separate analyses found that the group differences could not be explained by the effects of the test administration team, ambient noise levels at sites, differing proportions of propeller and jet aircraft, or house-attenuation differences arising from the use of outdoor measurements for indoor ratings.
Another large difference between the performances of the laboratory and in-home subjects is the rate at which annoyance increases with noise level.
The The differences in the slopes and predicted values suggest that while the subjects in the laboratory tend to utilize a large portion of the scale for their ratings , the in-home subjects confine their ratings to the lower annoyance levels. The in-home subjects may be using the scale in an absolute sense (i.e., they are not actually annoyed by aircraft).
Another possibility is that the in-home subjects are reserving their greatest relative annoyance ratings for either higher noise levels than were experienced during the rating period or for instances when the aircraft seem more annoying (e.g., when a valued activity is interrupted) .
The precision of any future studies could clearly be increased if more flights were rated by each individual.
Careful attention to the expected correlation between independent variab l es is also needed.
The solution to the large study-site effect is not clear .
Three procedures which might decrease site effects would be to (1) not include subjects who live in the same household, (2) have the experimenter rather than the houseowner select subjects (the houseowner is more likely to select only well-known friends), and (3) restrict between-subject interaction during the rating session.
CONCLUSIONS
None of the other metrics commonly used for assessing aircraft noise performed significantly better than A-weighted sound pressure level.
The addition of duration or tone corrections yielded no improvement.
A significant difference was found between the ratings of commercial jet aircraft and general aviation propeller aircraft, with the latter being judged less annoying, regardless of the noise metric used.
No significant differences were found between the ratings of landings and take-offs after controlling for noise level.
Aircraft noise annoyance reactions are stronger under low outdoor ambient noise conditions than under high outdoor ambient noise conditions. This relationship is consistent with the theory that reduced nighttime and evening ambient levels may result in more negative reactions to aircraft noise at night than during the day. After controlling for ambient noise in a multiple regression analysis, no significant differences were found between the ratings of single events obtained during the three time periods:
morning, afternoon, and evening.
Several analyses compared the precision of the results of this study with those from a laboratory study which examined annoyance to propeller and jet aircraft. Subjects in the homes were at least as consistent in rating aircraft noise as were subjects in the laboratory. However, the laboratory study estimates were more precise. A major source of variability present in the in-home sessions but not in the laboratory study is attributable to differences between the houses and/or groups of participants in the in-home study.
The in-home rating technique used in this study is most suitable for examining reactions to noise when residents may associate important nonacoustical attributes (e.g., type of aircraft or flight maneuver) with the acoustical events. For the potential of the study method to be reached in the future, the precision must be increased by ensuring that more aircraft flyovers are rated by each participant, that the major independent variables in the study are not highly correlated with each other, and that the study-site effect can be reduced. I understand that althou gh m y name is recorded on the form, my name will be separated (pennanently after 3 months) from the answe r s to i nslJre complete confidentiality .
Infonnation for residents :
General : The primary purpose fo r this investigation is to define a precise relationship(s) between subjective response and physical noise of an airport community . This infonnation will lead to programs to optimize the reduction of aircraft noise through aircraft-airport operations, land-use planning, and aircraft design.
Ro utine statistical use of infonnation:
Court proceedings .-In the event there is a pending court of formal administration proceedings, information may be disclosed to the Department of Justice or other agency for purposes of representing the Government, or i n the course of presenting evidence, or they may be provided to parties or co unsel involved in the proceeding in the course of pretrial discovery .
Other sources.-Information of this study will be disclosed to other individuals or organizations, including federal, state, or local agencies and nonprofit educational or private entities, who are participating in NASA programs or are otherwise furthering the understanding or application of the data. However, complete confidentiality of data sources is assured. 16. Indicate your annoyance to helicopter noise (Circle).
NOT ANNOYED AT ALL 17. Indicate your annoyance to small, propeller·driven airplane noise (Circle). For th e day s of th e w ee k you rout inely spend away from home , or work away from home, ind icate th e follow ing w i th a ch eckmark (.,f) : TIME OF DAY AT HOME NOT AT HOME TIME OF DAY SLEE PING 7 a.m . 
-13
-14*
-15
-15* 
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AIRCRAFT PEAK NOISE LEVEL , dB (A J Figure 12 .-Relationship between par t icipants ' us u al location durin g the day and a nnoyance.
